INTRODUCTION
============

Acrylic teeth are commonly used in the design of complete and partial removable dentures \[[@B1],[@B2]\]. Comparison of acrylic and porcelain artificial teeth indicates that acrylic teeth chemically bond to the denture base material and are simpler to adjust \[[@B3]\]. Deboning of teeth from the denture base is a common cause of denture repair, accounting for 25% to 33% of failures \[[@B4]\]. Several factors can influence the bond strength between the teeth and denture base, including contamination with wax and thin foil \[[@B5],[@B6]\], petrolatum and sodium alginate remaining on the ridge-lap surface of artificial teeth \[[@B7]\], inaccurate use of separating materials during curing, inadequate use of monomers for curing, improper methods used for denture base curing, inadequate mechanical or chemical preparation of tooth surfaces, absorption of water by resins, differences in the thermal expansion coefficient of artificial teeth and base material, and porosity on the border of denture base resin and teeth \[[@B8]\].

The physical and chemical properties of artificial teeth are effective in strengthening the bond to denture base resins \[[@B9],[@B10]\]. On the other hand, this bond is affected by the physical and chemical properties of acrylic resins \[[@B2],[@B3], [@B11]\], polymerization temperature \[[@B10]\], and the method of artificial tooth preparation \[[@B3]\]. Various strategies have been proposed to increase the bond strength of artificial teeth to acrylic resins, such as the application of methyl methacrylate (MMA) monomers and wax solvents \[[@B12],[@B13]\]. Bond strength has been shown to improve using different methods of artificial tooth surface treatment, including the use of MMA monomers, composite bonding materials, and acid-etching \[[@B3]\].

There are different types of artificial teeth, including methacrylate base resin, composite resin, and porcelain teeth, each with its advantages and disadvantages. Previous studies have reported different results on the bond strength of artificial teeth to base resins, depending on the type of resin, teeth, and test methods. Some studies have reported the bond strength of artificial teeth to heat-cure resins to be higher than that to the self-cure type \[[@B14],[@B15]\]. Other studies have indicated that the bond strength of composite teeth to the acrylic base material is higher than that of acrylic teeth \[[@B16]\]. In contrast, some studies have revealed that the bond strength of acrylic teeth is higher than that of composite teeth \[[@B15]--[@B17]\].

Recently, Ideal Makoo Company, Makoo, Iran, has manufactured a group of artificial teeth. This company has presented new nanocomposite artificial teeth to the market with aesthetic advantages; however, there is no information about the bond strength of these teeth to acrylic denture bases. Therefore, the present study was conducted to evaluate the bond strength of Ideal Makoo composite and nanocomposite teeth to heat-cure acrylic denture base resin in comparison with Ivoclar acrylic teeth.

MATERIALS AND METHODS
=====================

This study compared the bond strength of three types of artificial teeth, including acrylic Ivoclar (Ivoclar Vivadent s.r.l., Casalecchio di Reno, Italy), Apple composite (Ideal Makoo, Makoo, Iran), and B-Star nanocomposite (Ideal Makoo, Makoo, Iran) teeth to acrylic heat-cure denture base resin (Selectaplus H/Trevalon, Dentsply, England). The teeth were compared after the glazed surfaces of the base were removed. Each group of teeth consisted of 18 samples, which were divided into two subgroups (nine samples each). In total, 54 samples were tested. In one of the subgroups, monomer (Selectaplus H/Trevalon, Dentsply, England) was applied on the ridge-lap surface of teeth using a microbrush (Snowdent, Guangdong, China). The monomer was not used in the control group.

This study was conducted in accordance with ISO 10477 standard \[[@B18]\]. Each artificial tooth (premolars and molars) was embedded in a transparent autopolymerized resin (Ortho Resin, Dentsply DeTrey, Konstanz, Germany) such that the ridge-lap surface was outside the resin. Then, 2 mm of the ridge-lap surface from the embedded sample was removed for smoothness using a cutting device (IsoMet Low-Speed Saw, Buehler, Germany).

In order to control the bonding area, a metal ring with a diameter of 4 mm was fixed on the tooth surface. The ring was filled with melted dental wax (Modeling wax, Red, Cavex, Holland). The mold was removed cautiously after the wax solidified. Next, the samples were horizontally placed inside putty (Speedex; Coltène/Whaledent AG, Altstätten, Switzerland). Half of the wax-transparent acrylic resin was placed inside the putty. Four samples were added to each flask ([Fig. 1](#F1){ref-type="fig"}).
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A dental plaster (Type II Gypsum, Pars Dandan, Tehran, Iran) was first poured into the lower half of the flask. The samples were then embedded in the plaster up to the edge of the putty. Vaseline (Petroleum Jelly, Unilever, Inc., London, UK) was smeared on the plaster and on clear acrylic blocks. Then, putty was placed on the samples, and the upper half of the flask was filled with dental plaster. The flask was placed under pressure (50 kg) for 45 minutes. Afterward, the flask was put in boiling water for one to two minutes until the wax softened. The softened wax was washed with hot water until the bonded surface was completely clean. After drying the hot plaster, the separating agent (MR Dental Biofilm/tin foil substitute, Surrey, UK) was added using a brush. When the flask temperature reached the room temperature, heat-cure resin (Selectaplus H/Trevalon, Dentsply, England) was mixed at a polymer-to-monomer ratio of 2.5:1 (the dough stage) and was packed adjacent to the wax in contact with the teeth. Subsequently, the flask was placed under pressure (100 kg) for 10 minutes and then clamped and cured for eight hours at 74°C as recommended by the manufacturer \[[@B19]\]. After the flask cooled down, the samples were removed and cleaned. The excess acrylic resin was also removed ([Fig. 2](#F2){ref-type="fig"}).
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The samples were kept in distilled water at 37°C \[[@B7]\] and then mounted on a metal holder in a universal testing machine (Model H5KS, Hounsfield Ltd., Surrey, UK).

The blade edge of the device was adjusted exactly at the acrylic resin-tooth interface. A perpendicular load was applied on the acrylic resin and shear force was applied at a cross-head speed of 1 mm/minute until failure. The failure point was recorded by the system\'s software.

Descriptive statistics, including frequency, mean, and standard deviation (SD), were calculated in SPSS 20 software (SPSS Inc., Chicago, IL, USA). Two-way analysis of variance was used to examine the effect of material type and monomer on bond strength. P-values less than 0.05 were considered statistically significant.

RESUTS
======

Evaluation of data distribution in all groups using Kolmogorov-Smirnov test showed that data were normally distributed; therefore, parametric tests were used to analyze the data (P\>0.05).

[Table 1](#T1){ref-type="table"} shows the significant effect of material type (P\<0.05, f=48.86), monomer (P\<0.05, f=183.91), and the interaction of material and monomer (P\<0.05,f=28.6) on bond strength. The results showed that the shear bond strength of nanocomposite artificial teeth to acrylic resin was the lowest, while Ivoclar acrylic teeth showed the highest shear bond strength (P\<0.05).

###### 

Two-way analysis of variance to investigate the main and mutual effects of material type and monomer

                              **Sum of squares of the source**   **Degree of freedom**   **Mean of squares**   **F**    **P-value**
  --------------------------- ---------------------------------- ----------------------- --------------------- -------- -------------
  **Material type**           79702.78                           2                       39851.39              48.86    \<0.001
  **Monomer**                 149994.74                          1                       149994.74             183.92   \<0.001
  **Material type Monomer**   46659.59                           2                       23329.80              28.61    \<0.001
  **Error**                   39146.89                           48                      815.56                         
  **Total**                   6125040                            54                                                     

The shear bond strength of composite artificial teeth was significantly lower than that of Ivoclar acrylic teeth and higher than that of nanocomposite teeth. Additionally, the shear bond strength of samples without monomers was significantly lower than that of samples with monomers ([Table 2](#T2){ref-type="table"}).

###### 

Comparison of shear bond strength (MPa) of three types of artificial teeth to heat-cure acrylic resin (main effect) with and without monomer (main effect; one-way analysis of variance)

                                    **Material type**     **No.**   **Mean**   **SD**   **P value**
  --------------------------------- --------------------- --------- ---------- -------- -------------
  **Material type (main effect)**   **Acrylic**           18        364.67     39.46    \<0.001
  **Composite**                     18                    344.39    100.19              
  **Nanocomposite**                 18                    274.94    47.7                
  **Monomer (main effect)**         **Without monomer**   27        275.3      53.21    \<0.001
  **With monomer**                  27                    380.7     59.45               

SD: Standard Deviation

Examination of the interaction of the three tooth types with and without monomers was done by Tukey\'s post-hoc test ([Fig. 3](#F3){ref-type="fig"} and [Table 3](#T3){ref-type="table"}).
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###### 

Comparison of shear bond strength (MPa) of three types of artificial teeth to heat-cure acrylic resin with and without monomer (n=9; interaction effect; one-way analysis of variance).

                                      **Mean**   **SD**   **P value**
  ----------------------------------- ---------- -------- -------------
  **Acrylic without monomer**         337.11     32.18    \<0.001
  **Acrylic with monomer**            392.22     23.76    
  **Composite without monomer**       250.44     29.84    
  **Composite with monomer**          438.33     24.16    
  **Nanocomposite without monomer**   238.33     27.28    
  **Nanocomposite with monomer**      311.56     32.78    

SD: Standard Deviation

The results showed that composite teeth with monomers had the highest shear bond strength among the six groups of samples. Acrylic Ivoclar teeth with monomers had the second highest shear bond strength; in other words, their bond strength was significantly lower than that of composites with monomers and higher than that of other samples.

The shear bond strengths of Ivoclar acrylic teeth without monomers and nanocomposite teeth with monomers were similar. As the findings revealed, the shear bond strengths of composite and nanocomposite teeth without monomers were similar; these teeth showed the lowest bond strength.

DISCUSSION
==========

Deboning of artificial teeth from the base resin is frustrating for both patients and dentists. As the force on prosthetic components of implants increases, deboning of teeth from the acrylic base of implant-supported prostheses becomes a major clinical problem \[[@B20],[@B21]\]. Today, researchers have found that it is possible to increase the bond strength of artificial teeth to denture bases through physical and chemical changes in the structure of artificial teeth and polymers. Some physical changes include creating very fine holes in the base and in the ridge-lap surface of artificial teeth. The chemical changes include the addition of monomers to the base of teeth before packing acrylic resins, complete removal of wax, rinsing artificial teeth with detergents, changes in the chemical structure of polymers and polymerization reactions \[[@B9],[@B22]--[@B24]\], and use of resin cements \[[@B9]\].

This study investigated the effects of monomers on the bond strength of artificial teeth. The results showed that the use of monomers could help increase bond strength. In contrast to these findings, a study by Kawara et al \[[@B25]\] demonstrated that preparation of artificial teeth with monomers does not produce sufficient bond strength. Our results are also not consistent with the findings of studies conducted by Spartley \[[@B26]\] and Barpal et al \[[@B24]\], who found that monomer addition is ineffective. The present findings are also in contrast those reported by Morrow et al \[[@B27]\], who showed that addition of monomers reduced bond strength. Nonetheless, our findings are in line with studies by Yamauchi et al \[[@B28]\], Nejati Danehs et al \[[@B29]\], Papazoglu and Vasilas \[[@B17]\], and Yanikoglu et al \[[@B3]\].

Considering the emergence of new generations of artificial teeth made by domestic companies, such as B-Star nano-composite artificial teeth and frequent use of Italian Ivoclar artificial teeth in Iran, it is necessary to compare the bond strength of Iranian artificial teeth with that of other brands. The present study showed that the bond strength of Ivoclar acrylic teeth was higher than that of domestic composite and nanocomposite artificial teeth.

Changes in the type of resin base material, the type of artificial teeth, artificial tooth preparation methods, and copolymerization can affect the bond strength \[[@B30]\]. Ghasemi et al \[[@B31]\] investigated the bond strength of several types of multilithic composite artificial teeth (Ivoclar, Yaghut, Glamour, and Apple) to heat-cure resins. The findings showed that the mean bond strength was the highest in the Apple group followed by Yaghut, Glamour, and Ivoclar artificial teeth, respectively. There was a significant difference between some groups, while there was no significant difference between the Glamour and Ivoclar groups \[[@B31]\]. In addition, Naser Khaki and Ehsani \[[@B32]\] compared the bond strength of acrylic artificial teeth (Liechtenstein Ivoclar, Italian Ivoclar, Marjan New, Brilliant, Super Berelian, and Super New Color) to heat-cure acrylic resins and showed that the bond strength of Liechtenstein Ivoclar acrylic artificial teeth was significantly higher than that of other studied artificial teeth. The present results showed that bond strength improves with the addition of monomers. Monomers may cause some porosity and can increase the contact surface area; therefore, greater forces are needed for fracture.

CONCLUSION
==========

Ivoclar acrylic artificial teeth had a significantly higher bond strength compared to composite and nanocomposite artificial teeth, while the difference in bond strength between composite and nanocomposite artificial teeth was not significant. Based on the findings, the addition of monomers to the ridge-lap surface of composite artificial teeth produced greater bond strength compared to the addition of monomers to nanocomposite and acrylic artificial teeth. Composite teeth showed the highest shear bond strength with the addition of monomers.
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